Abstract-Detection and quantification of biological and chemical species are critical to many areas of the life sciences and health care, from disease diagnosis to drug screening. Central to detection is the transduction of the signal associated with the sensing event. Advances in nanotechnology have led to the development of the silicon nanowire which is faster, smaller, greener and cheaper. These nanowires have a very narrow diameter similar to that of the chemical and biological species to be sensed making them perfectly suited for biosensing. The topdown fabricated silicon nanowires is used in this work due to its oxide-coated surface and ease of integration with other microelectronic components. Due to the ultra-small output signal of the nanowire, bulky equipments which are often time consuming and expensive are used for reading the signal. This work attempts to build a circuit that can be interfaced with the nanowire to make the signal readable hence the sensor will become portable thereby increasing its utility to being a point-ofcare and field-testing device.
I. INTRODUCTION
Silicon nanowires (SiNWs) as chemical sensors and biosensors have attracted wide attention [1] because of their biocompatibility, surface-to-bulk ratio, fast response, good reversibility, and oxide-coated or H-terminated surface, which allows easy attachment to various functional groups [2] . Also the reliability and reproducibility of the fabrication process make them promising candidates for highly sensitive sensors.
Nano-scale bioelectric devices have the potential to achieve exquisite sensitivity for the direct detection of biomolecular interactions at surfaces [2] . These devices already have a high impact for analyses in biomedical diagnosis. Most diseases are diagnosed based on symptoms which can sometimes be misleading. Biological molecules like lipids, proteins and nucleic acid are more related to the primary cause of disease. Diagnosis can be successful by screening for disease biomarkers which has given rise to the need for ultrasensitive bioassays making bio-functionalization of nanomaterials in high demand [3] . Among the nanostructure materials, nanowires (NWs) emerge as one of the best defined and controlled classes of the nanoscale building blocks in bio-sensing. These materials have a very narrow diameter similar to that of the chemical and biological species to be sensed and to provide a link between molecular and solid state physics [4] . Due to quantum confinement effects and their high surface area-to-volume ratios, NWs can be proposed as chemical and biological sensing element [7] . Silicon nanowire sensors have already demonstrated ultrasensitive detection of DNA [5] , [6] .
However, existing SiNW sensor have had some technical problems such as poor controllability of electrical properties and difficulty of integration to other existing microelectronic components [8] . This is due to bottom-up synthesized SiNW which have large statistical variation in the electrical properties and difficult to manipulate for the reliable integration to other microelectronic component [9] . In addition, good ohmic contact between the synthesized SiNW with metal interconnection is difficult to achieve. Besides, there is also a weak point of the synthesized SiNW which is the incompatibility with CMOS process. SiNW grown via metal-catalyzed chemical vapor deposition (CVD) process contain of metal elements such as gold or copper. Therefore integration of these SiNW is not compatible to the CMOS process [9] , [10] . For this reason, our work demonstrates the top-down approach for device fabrication to create SiNW biosensor which shows significant advantages in small size and low cost.
Complex variations have been published for SiNWs, but most were tailored for the effects of a biosensing event, for example, protein detection or pH measurement on the electrical properties of the nanowire [11] they have also been used for glusoce detection [12] , DNA hybridization detection [13] , viral detection [14] , and even for extracellular recording from electrogenic cells [15] . Despite the great potential of the SiNW, no device based on specific SiNW has been integrated with all-day-life in the last decade. This is mainly due to the need to interface these nanomaterials with nanoscale platforms [16] . The proposed sensing schemes implemented on silicon nanowire are inherently compatible with modern CMOS process [17] . Although the signal generated is ultra-small, it can be amplified using a pico-Ampere sensitive amplifier [17] , [18] . Current modules on a single chip makes possible to realize ultralow-current-mode circuit as they suffer less fluctuations [19] , [20] . This helps in maintaining the integrity of the signal. This work investigates the ohmic properties of a top-down fabricated SiNW for its optimized electrical sensitivity for biosensing applications and proposes an interface circuit that will make the device readable and hence portable thus, enhancing the utility of silicon nanowire to be a point-of-care device which can be integrated with all day life.
II. MATERIALS AND METHOD
For this work SiNW biosensor was designed using the topdown nanofabrication method of electron beam lithography (EBL). The device structure was formed by implementing reactive ion etching (RIE) in order to integrate the fabrication with a CMOS process. A p-type silicon on insulator (SOI) wafer with a 160 nm silicon layer on a 200 nm buffered-oxide (BOX) insulating layer with a resistivity of 1-20 -cm was used as the starting material. Standard cleaning procedure using RCA1, BOE and RCA 2 were employed to remove all contaminants on the surface of the sample then the sample was washed in de-ionized water and dried on a conduction hot plate at 200 °C for 5 minutes to remove residual water and cooled down in room temperature for 10 minutes. Fig. 1 shows the working principle of a silicon nanowire. The metal electrodes designated as source and drain are made of aluminum and they are bridged by a silicon nanowire. Fig . 2 shows the top view of the SiNW with width 60 nm. The OPA129 is an ultra-low current monolithic operational amplifier using advanced geometry dielectrically-isolated FET (DIFET) inputs which make the amplifier achieve high performance levels. DIFET fabrication eliminates isolationjunction leakage current which is the main factor which contributes to input bias current with conventional monolithic FETs. This reduces input bias current by a factor of 10-100. The OPA129 has an offset current unit of femto ampere and is fitted with a noise-free cascode which makes the device capable and efficient in handling nanoscale sensitivity.
III. RESULTS AND DISCUSSION
The basic idea for using NWs for sensing is to measure its conductance which is affected by the charges on its surface. Binding with the surface of these NWs, alters their ability to conduct which serves as the detection mechanism. Depending on the surface-to-volume ratio, the resistance of the NWs increases with the decreasing width of the NWs. The I-V characterization of the SiNW illustrates the usefulness of the fabrication sample as a sensing device and gives us a targetrange of Gain for our interface circuit. Fig. 3 shows the ohmic properties of the SiNW and presents the device as a useful sensor. Supplying the SiNW with a sweep voltage of 0-2 V (Fig.  3) , 39 data points were generated indicating an increase in resistance from 6.05E8 at 0.05 V to 6.81E9 at 1.95 V leading to a decrease in conductance.
Considering the I-V properties of the SiNW derived from I-V characterization, the range of current to be sensed is (0.8E-11 to 2.8E-10) Ampere although a significant hike is expected after the sensing event.
The OPA129 operational amplifier is designed to sense signals as low as femto ampere. We will use this amplifier to amplify the signal with a gain of 500 M as this will make the signal readable by electronic devices such as the microcontroller. Fig. 4 shows simulation results using Multisim 12.0. This proves that a gain of 500 M can be successfully achieved. 
Although the signal is not without noise, any attempt to filter the noise at this stage will be premature. A thorough investigation will be done to determine the frequency and noise levels that exist in the signal. We will include ferrite beads to suppress high frequency noise and decoupling capacitors to prevent noise transfer from one component to another. Passive low-pass filters may be employed if needed.
IV. CONCLUSION
The OPA129P can achieve a maximum of 100 femto ampere input bias without resorting to small-geometry FETs or CMOS designs which can suffer from much larger offset voltage, voltage noise, drift, and poor power supply rejection. The successful amplification of such an ultra-small signal indicates that the silicon nanowire can be interfaced for further utility. Making the SiNW a portable sensing device with numerous applications in everyday life such as; point-of-care or field testing for bioassays.
